Introduction {#s1}
============

For the management of malignant biliary obstruction (MBO), endoscopic retrograde cholangiopancreatography (ERCP) with transpapillary stenting is the gold standard for providing symptomatic relief and biliary decompression. While ERCP is a widely used and effective technique, its success can be hindered in up to 10% of patients because of surgically altered anatomy (SAA), periampullary diverticulum, large tumour involvement of the papilla, prior duodenal stenting or duodenal stenosis.[@R1] Historically, when ERCP failed, percutaneous transhepatic biliary drainage (PTBD) was the conventional rescue therapy. However, its use is associated with high morbidity and a significantly reduced quality of life.[@R5]

Since its introduction in 2001, endoscopic ultrasound-guided biliary drainage (EUS-BD) has evolved as a reliable alternative in cases where conventional ERCP is unsuccessful.[@R6] Randomised comparative trials and meta-analyses of EUS-BD and PTBD have demonstrated that while clinical and technical success show comparable efficacy, there are lower rates of reintervention and fewer post procedure adverse events (AEs) with EUS-BD.[@R5] For instance, one randomised trial conducted by highly experienced endoscopists showed that compared with PTBD, EUS-BD demonstrated fewer procedure-related AEs (31% vs 9%) in addition to lower frequencies of unscheduled reintervention (0.93 vs 0.34).[@R9]

In addition to MBO, EUS-guided treatment has increasingly been incorporated in managing benign biliary diseases (BBD). While data are still limited, EUS-BD can provide a unique window of opportunity to treat patients with BBD, especially in those with SAA in cases where ERCP is not feasible. A recent long-term, multicentre study (with median follow-up 749 days) demonstrated the safety and feasibility of such an approach.[@R10]

Hence, with increasing operator use, there is a growing body of evidence to suggest that EUS-BD may emerge as first-line therapy in treating MBO. Furthermore, its role in managing benign biliary obstruction is evolving with the advent of new step-by-step techniques. The focus of this review is to compare and describe recent advancements in EUS-BD and ERCP treatment modalities for managing malignant and benign biliary obstruction.

EUS-BD Techniques {#s2}
=================

EUS-guided biliary interventions can be accomplished through three different methods via a rendez-vous (RV), antegrade or transluminal (intrahepatic or extrahepatic) route. Of note, there is still insufficient evidence to determine which of the routes should be used.[@R11]

Endoscopic Ultrasound-Guided Rendezvous Endoscopic Retrograde Cholangiopancreatography {#s2-1}
--------------------------------------------------------------------------------------

EUS-RV is typically reserved as salvage therapy after failed ERCP with biliary access in patients with intact gastroduodenal anatomy. It involves transgastric, transduodenal short (second portion of duodenum), or transduodenal long (duodenal bulb) creation of a temporary pathway in which a guidewire is advanced through the biliary tree across the ampulla and into the duodenum in order to achieve access to allow conventional ERCP ([figure 1](#F1){ref-type="fig"}). Unfortunately, EUS-RV has a limited success rate, with one prospective study reporting overall success and AE rates of 80% and 11.6%, respectively.[@R12] Similarly, in comparing the technique among 247 published cases, EUS-RV was found to have an overall success rate of 74% with an 11% incidence of AEs---including major AEs of bleeding, bile leakage, peritonitis, pneumoperitoneum and pancreatitis.[@R13] In general, this method is better served for managing BBD, particularly for patients with bile duct stones and post-cholecystectomy bile leaks.[@R14]

![Biliary rendezvous. Patient with history of chronic pancreatitis, CBD stricture (S) and failed ERCP. (A) ERCP shows distal CBD stricture (S). Deep cannulation failed; (B) EUS-guided injection for rendezvous. Note the needle is pointing distally, which is optimal for this approach; (C) wire passed antegrade into the duodenum; (D) duodenoscope has been reinserted and covered self-expandable metal stent is placed transpapillary (stent ends seen at arrows). CBD, common bile duct; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound.](bmjgast-2020-000428f01){#F1}

Endoscopic Ultrasound-Guided Choledochoduodenostomy and Hepaticogastrostomy Biliary Drainage {#s2-2}
--------------------------------------------------------------------------------------------

Direct drainage methods include antegrade stenting through a transpapillary or transanastomotic fashion or transmural drainage via choledochoduodenostomy (CDS) or hepaticogastrostomy (HGS).

Antegrade stenting involves a transgastric puncture into the left intrahepatic biliary system with passage of a guidewire into the duodenum. The track is dilated to allow passage of a stent into the bile duct and across the papilla without creating an anastomosis at the puncture site. There are limited data involving antegrade stenting, though pooled studies have demonstrated an overall technical success rate of 77% and associated AE rate of 5%, including hepatic haematoma and pancreatitis.[@R15] This approach is not commonly used and is generally believed to be inferior to transmural drainage.[@R8] Reasons for this may include the complicated and cumbersome nature of guidewire placement and the theoretical concern for peritoneal bile leakage at the site of puncture.[@R8] Yet, it appears that the antegrade technique is best suited for cases where ERCP is not possible in the setting of duodenal stenosis secondary to a periampullary tumour, SAA or an anastomosis site.[@R17]

As seen in [figure 2](#F2){ref-type="fig"}, HGS access typically involves the creation of a fistula from the gastric cardia or lesser curvature of the stomach to a left intrahepatic duct, while CDS ([figure 3](#F3){ref-type="fig"}) creates a fistula between the duodenum and extrahepatic bile duct.[@R1] In cases of malignant distal common bile duct obstruction, both transmural routes are preferred and have demonstrated technical success rates up to 95%; however, at this point, there is no clear consensus on what method should be favoured.[@R6] In an effort to compare the two methods, a prospective randomised trial of 49 patients (25 HGS, 24 CDS) found that while both techniques were similar in efficacy and safety, there was higher clinical success in the HGS cohort at the expense of slightly more AEs ([table 1](#T1){ref-type="table"}), however, these outcomes were not statistically significant.[@R29]

![Hepaticogastrostomy (HGS). Patient with pancreatic cancer for more than 1 year and prior ERCP with metal stent placement (stent ends seen at arrows). Now with occluded stent and complete duodenal obstruction due to cancer progression. (A) Transgastric puncture and cholangiogram show indwelling self-expandable metal biliary stent (stent ends seen at arrows) with tumour overgrowth and tumour ingrowth; (B) Guidewire passage into the biliary tree with balloon dilation being performed. Note balloon dilation always begins well distal to the puncture site and progresses proximally; (C) Placement of covered self-expandable metal stent across the HGS (stent ends seen at arrows). A 7 Fr double pigtail was subsequently placed through the SEMS (not shown). Note, the patient underwent endoscopic gastrojejunostomy at the same session following HGS. ERCP, endoscopic retrograde cholangiopancreatography; SEMS, self-expanding metal stents.](bmjgast-2020-000428f02){#F2}

![Choledochoduodenostomy. Patient with malignant biliary obstruction and failed ERCP due to periampullary mass. (A) Transduodenal injection of contrast followed by wire placement. Note in this case the wire passes distally in the duct but preferably is passed proximally toward the bifurcation; (B) the delivery system of a cautery-enhanced LAMS is passed into the bile duct; (C) radiograph immediately after deployment of LAMS across choledochoduodenostomy (stent ends seen at arrows). A 7Fr double pigtail was subsequently placed through the LAMS (not shown). ERCP, endoscopic retrograde cholangiopancreatography; LAMS, lumen-apposing metal stents.](bmjgast-2020-000428f03){#F3}

###### 

Summary of studies comparing CDS versus HGS

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author (year)                Study design                   Total no subjects      Type of stent used (n=\#)                Technical success CDS versus HGS rate, % (n=\#)   Clinical success CDS versus HGS rate, % (n=\#)   Total adverse events CDS versus HGS rate, % (n=\#)
  ---------------------------- ------------------------------ ---------------------- ---------------------------------------- ------------------------------------------------- ------------------------------------------------ ----------------------------------------------------
  Kim^[@R34]^\                 Single Centre, Retrospective   13 (9 CDS; 4 HGS)      SEMS (13)                                100 (9/9) vs 75 (3/4)                             100% (9/9) vs 50 (2/4)                           22 (3/9) vs 50 (2/4)
  (2012)                                                                                                                                                                                                                         

  Prachayakul^[@R35]^ (2013)   Single Centre, Retrospective   21 (6 CDS; 15 HGS)     SEMS (21)                                100 (6/6) vs 93 (14/15)                           100 (6/6) vs 93 (14/15)                          33 (2/6) vs 0

  Kawakubo^[@R36]^ (2014)      Multicentre, Retrospective     64 (44 CDS; 20 HGS)    Plastic (27) pigtail (8) and SEMS (26)   95 (42/44) vs 95 (19/20)                          93 (41/44) vs 95 (19/20)                         15 (7/44) vs 4 (7/20)

  Park^[@R37]^\                Multicentre, Prospective       32 (12 CDS; 20 HGS)    SEMS (16) Hybrid Metal Stent (16)        92 (11/12) vs 100 (20/20)                         92 (11/12) vs 90 (18/20)                         33 (4/12) vs 25 (5/20)
  (2015)                                                                                                                                                                                                                         

  Artifon^[@R29]^\             Single Centre, RCT             49 (24 CDS; 25 HGS)    SEMS (49)                                91 (22/24) vs 96 (24/25)                          70 (17/24) vs 88 (22/25)                         13 (3/24) vs 20 (5/25)
  (2015)                                                                                                                                                                                                                         

  Khashab^[@R38]^ (2016)       Multicentre, Retrospective     121 (60 CDS; 61 HGS)   SEMS (109), Plastic (12)                 93 (56/60) vs 92 (56/61)                          85 (51/60) vs 82 (50/61)                         13 (8/60) vs 20 (12/61)

  Guo^[@R39]^\                 Single Centre, Retrospective   21 (14 CDS; 7 HGS)     SEMS (21)                                100 (14/14) vs 100 (7/7)                          100 (14/14) vs 100 (7/7)                         14 (2/14) vs 14 (1/7)
  (2016)                                                                                                                                                                                                                         

  Ogura^[@R40]^\               Single Centre, Retrospective   39 (13 CDS; 26 HGS)    SEMS (39)                                100 (13/13) vs 100 (26/26)                        100 (13/13) vs 92 (24/26)                        46 (6/13) vs 8 (2/26)
  (2016)                                                                                                                                                                                                                         

  Amano^[@R41]^\               Single Centre, Prospective     20 (11 CDS; 9 HGS)     CSEMS (20)                               100 (11/11) vs 100 (9/9)                          100 (11/11) vs 100 (9/9)                         18 (2/11) vs 11 (1/9)
  (2017)                                                                                                                                                                                                                         

  Cho^[@R42]^\                 Single Centre, Prospective     54 (33 CDS; 21 HGS)    CSEMS (54)                               100 (33/33) vs 100 (21/21)                        100 (33/33) vs 86 (18/21)                        15 (5/33) vs 19 (4/21)
  (2017)                                                                                                                                                                                                                         
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CDS, choledochoduodenostomy; CSEMS, covered self-expanding metal stents; HGS, hepaticogastrostomy; RCT, randomised controlled trial; SEMS, self-expandable metal stents.

In an effort to further evaluate these two methods, several systematic reviews and meta-analyses have set out to compare these intrahepatic and extrahepatic approaches and have found largely similar technical and clinical success rates.[@R30] In addition, overall AE rates ranged from 16% to 29%.[@R30] In terms of which approach is safer, there remains conflicting data.[@R29] One subgroup analysis reported less frequent rates of AE when using the extrahepatic approach.[@R31] On the other hand, another study reported higher AE rates for the transhepatic route (30.5% vs 9.3%) without any differences in success rates.[@R43] Yet, another meta-analysis and randomised prospective trial found that both routes displayed similar safety profiles.[@R44] In cases of duodenal obstruction, it has been suggested that HGS may provide longer periods of stent patency with fewer AEs.[@R40] Consequently, a Japanese multicentre study, in which 54/64 subjects underwent EUS-BD (40 CDS, 14 HGS) due to periampullary tumour invasion, found higher rates of stent dysfunction (32% vs 21%) and 3-month dysfunction-free stent patency (51% vs 80%) were observed in the HGS cohort compared with the CDS group, respectively.[@R36] In light of these findings, it has been suggested that the technical feasibility of a CDS approach may be preferred in cases where the second part of the duodenum is affected, while the HGS route preferred when there is tumour invasion at the duodenal bulb.[@R14] At our centre, we prefer to use HGS, especially when the patient is a candidate for curative pancreaticoduodenectomy as some surgeons have suggested that a transduodenal approach may make resection more technically difficult.

Learning Curve {#s2-3}
--------------

An important consideration that may explain the heterogeneity in these findings is the steep learning curve with EUS-BD, and as a result, the more recent studies demonstrate lower AE rates.[@R1] For example, one centre found a declining rate in AEs from 53% in the first 3 years to 22% in the last year of the study.[@R45] Additionally, a single-centre study reported interesting data that show a significant reduction in morbidity over time, as one endoscopist gained more experience.[@R46] During the first 5 years of the study, there were five procedure-related deaths in the first 50 patients treated. However, over the next 2 years, there was only one procedure-related death in the subsequent 51 patients.[@R46] Using an HGS approach, another study proposed that 33 cases were needed in order for an endoscopist to achieve the technical proficiency needed to reduce procedure duration and AE.[@R47] In terms of comparing HGS and CDS approaches over time, it has been reported that studies published after 2013 demonstrated higher success rates with fewer AEs.[@R30]

Types of Stents {#s2-4}
---------------

While a learning curve seems to influence EUS-guided BD procedure outcomes, the type of stents used may also influence clinical, technical and AE rates. It is evident that the evolution of stent selection in treating MBO has influenced overall procedure rates. Due to issues with stent patency, plastic stents were initially used but quickly replaced by covered self-expanding metal stents (CSEMS) which offered better qualities of stent patency and improved BD owing to their larger diameters.[@R28] Most importantly, these stents minimise bile leakage at the anastomotic site. In addition, CSEMSs also prevent tissue hyperplasia and make it easier for an endoscopist to conduct stent revision, when needed.[@R48] One meta-analysis showed that compared with plastic stents, metal stents were significantly associated with lower AE rates (17% vs 31%).[@R30]

One cause for recurrent biliary obstruction following EUS-BD is stent migration. Recent advancements in metal stents have lowered these stent-related AEs.[@R50] Yet, the use of large calibre stents can cause hyperplasia, making stent removal and reintervention difficult. To further examine this, a recent prospective study deployed smaller, 6 mm diameter CSEMS using the HGS method, and reported that 50% (10/20) of patients experienced obstruction due to biliary sludge (n=6) and stent dislocation (n=4).[@R51] Reassuringly, a new stent was successfully inserted in 9/10 cases. While this was not a direct comparison to ERCP methods, this additional data provide further support that in scenarios in which there is papillary inaccessibility or failed cannulation secondary to duodenal obstruction or altered anatomy, EUS-BD can indeed serve as a reliable salvage method, and potentially a primary modality, in managing MBO.[@R8]

However, due to their larger size, tubular shape and rigid properties CSEMS may result in stent migration.[@R52] As a result, the development and application of lumen-apposing metal stents (LAMS) created a new opportunity to theoretically decrease stent migration, bile leak and reduce AEs. LAMS are short, dumbbell shaped stents composed of braided nitinol wire, covered with silicone and flanked with anti-migratory flanges that enable the device to anchor itself between non-adherent lumens and prevent tissue overgrowth.[@R1] Newer versions of LAMS have an added advantage of an electrocautery-enhanced delivery system (EC-LAMS) which provides puncture and stent releases in a single step.[@R1]

This all comes in to play because the majority of EUS-BD studies have reported using CSEMS. However, LAMS are increasingly being used. There have been several, recent LAMS studies that have reported technical and clinical success rates ranging from 88.5% to 100% and 94.6% to 100%, respectively.[@R56] A subgroup meta-analysis of five studies (involving 201 subjects) using EC-LAMS, demonstrated favourable technical (93.8%) and clinical (95.9%) success with a 5.6% postprocedure AEs rate.[@R61] Thanks to its efficient, one step deployment technique, LAMSs have also been associated with shorter procedure times as well.[@R56] One review, which analysed a total of 92 patients across 13 different studies, reported a 98.9% clinical success rate and 12 procedure related AEs (2 perforation, 1 bleeding, 7 stent obstruction and 1 stent migration).[@R52] In France, a retrospective multicentre study of EUS-guided CDS with EC-LAMS reported the same rate of technical and clinical success (97.1%) with no short-term postprocedural AEs.[@R60] The authors demonstrated that the use of direct fistulotomy, pure cut current, and 6 mm stent are reliable and safe techniques to follow.[@R60] To date, there has been one preliminary study that directly compared LAMS to CSEMS.[@R62] While LAMSa were indeed comparable to CSEMS, there was a faster learning curve---as measured by procedure time---towards the end of the study in the LAMS cohort (75 min vs 44.2 min).[@R62] However, LAMS can only be used for the EUS-CDS approach since long-length CSEMS are needed for the HGS approach. For CDS, LAMSs have resulted in shorter procedure times, reliable efficacy and a good safety profile.[@R56] The downside to LAMS is that their large flanges are often oversized for the duct as the 10 mm device has 21 mm flanges. Eight mm devices with smaller flanges are available outside the USA.

In an effort to overcome the large diameter and biflanged shape of LAMS, hybrid stents were specifically customised for EUS-BD in order to reduce the risk of stent migration and minimise the interruption of bile flow.[@R42] By design, the proximal portion is uncovered to prevent obstruction of side branches, and the distal portion is covered with silicone-covered nitinol wire to prevent bile leakage.[@R63] Additionally, both ends are equipped with antimigratory flaps to prevent stent migration.[@R64] There is also a one-step metal stent placement delivery system---tailored for HGS and CDS procedures---that bypasses additional fistula dilation.[@R64] In a randomised noninferiority study, Park *et al* showed this dedicated one-step device was technically feasible, safe and could shorten procedure times.[@R37] Furthermore, studies investigating hybrid metal stents have demonstrated promising technical and clinical success rates of 100% and 95%, respectively.[@R42] In a long-term study of 54 patients, stent migration was not observed over a median of 148.5 days.[@R42]

Which EUS-Guided Biliary Technique to choose:

In the context of the currently available literature, the optimal EUS method is still unclear. However, several approaches and EUS dedicated tools enable endoscopists to make a well-informed decision when factoring in personal expertise in relation to the patients' disease (distal obstruction vs hilar) and anatomy (intact vs surgically altered), degree of duct dilation and stent patency.

EUS-BD versus ERCP in Malignant Biliary Obstruction {#s3}
===================================================

Currently, ERCP remains the gold standard and primary method for relief of MBO. Due to its wide use, familiarity and standardisation, ERCP BD in patients with native gastrointestinal and biliary anatomy has a remarkably low failure rate of \<1% when conducted at high volume centres by an experienced endoscopist.[@R65] When repeat ERCP is undertaken a recent guideline cited 442/537 (82%) were successfully completed with no difference in morbidity compared with those undergoing an initially successful ERCP.[@R4] Repeating the procedure within 2--4 days is believed to provide improved bile duct visualisation due to decreased oedema and absence of submucosal injection as well as better overall multidisciplinary team preparation (ie, sedation, specialised guidewire availability and referral to another skilled endoscopist).[@R4] Yet, ERCP is not without its own AEs and risks, with the most concerning major AE being post-ERCP pancreatitis (PEP).[@R67] Although the incidence of PEP is relatively low (3.5%, range 1.6%--15.7%), it is associated with a significant degree of morbidity, financial costs and longer hospital stays.[@R68] In addition, if EUS-BD is undertaken at the same session as ERCP, a delay in treatment care is avoided and may result in substantial cost savings for hospitalised patients.[@R7]

In the few instances of ERCP failure, presence of SAA or duodenal tumour invasion, EUS-BD is a viable alternative to PTBD. While success rates between ERCP and EUS-BD are similar, EUS-BD is associated with fewer AEs, lower reintervention rates and a higher degree of stent patency.[@R72] A few recent EUS-BD meta-analyses reported promising rates of technical success (90%--94%), clinical success (87%--94%) and rates of AEs (16%--29%).[@R30] Of note, one recent prospective study reported a 10% rate of AEs, which is likely due to more familiarity with the procedure.[@R49]

Recently, there have been three randomised controlled trials (RCTs) comparing EUS-BD to ERCP. Two of these studies compared EUS-CDS to ERCP, and reported no significant differences in terms of technical (90.9%--93% vs 94.1%--100%) and clinical (93%--97% vs 91.2%--100%) success rates.[@R74] In addition to reporting no difference in technical or clinical success, one meta-analysis comparing all three RCTs found that EUS-BD was associated with a lower rate of stent dysfunction requiring reintervention, tumour in-growth and postprocedure pancreatitis.[@R76] This is important to highlight because a lower degree of stent reintervention may enable the oncologist to provide longer durations of uninterrupted systemic chemotherapy.[@R76] Another meta-analysis involving 10 studies of 756 subjects reported a cumulative AE rate of 16.3% (54/331) and 18.3% (78/425) for EUS-BD and ERCP, respectively.[@R69] While PEP is a major concern with ERCP, bile peritonitis is a feared complication in EUS-BD that has a reported incidence of 2.4%.[@R69] In general, the majority of AEs are mild to moderate in severity, with one study reporting AEs in 21.2% (6.1% moderate severity) for EUS-BD subjects and 14.7% (5.9% moderate severity) in the ERCP cohort.

With growing evidence and better technical expertise, EUS-BD could indeed serve as first line therapy in distal MBO ([table 2](#T2){ref-type="table"}).[@R14] A large study (n=208 subjects) comparing ERCP to EUS-BD, noted similar technical success rates (94% vs 93%) but notably lower rates of PEP (4.8% vs 0%) and shorter procedure times (30 min vs 36 min) in the EUS-BD cohort.[@R77] A recent prospective study, involving 10 different Japanese centres, found that when EUS-CDS was compared with ERCP for primary BD, EUS-BD demonstrated high technical (97%) and functional (100%) success rates as well as shorter procedure times (25 min vs 52 min).[@R81] Lastly, in a multicentre study involving 39 subjects with indwelling duodenal stents, EUS-BD displayed technical and clinical superiority over endoscopic transpapillary stenting with no major differences in AEs.[@R82] Since EUS-BD approaches avoid traversing a diseased bile duct, they can theoretically provide longer periods of stent patency when compared with transpapillary stenting.

###### 

Summary of studies comparing EUS-BD to ERCP in malignant biliary obstruction

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author (year)           Study design                      Total no subjects           Type of EUS-BD     Type of stent used   Technical success EUS versus ERCP rate, % (n=\#)   Clinical success EUS versus ERCP rate, % (n=\#)   Total Adverse Events EUS-BD versus ERCP rate, % (n=\#)
  ----------------------- --------------------------------- --------------------------- ------------------ -------------------- -------------------------------------------------- ------------------------------------------------- --------------------------------------------------------
  Tonozuka[@R72] (2013)   Single Centre, Retrospective      11 (8 EUS-BD; 3 ERCP)       EUS-CDS EUS-HGS\   FCSEMS               100 (8/8) vs 100 (3/3)                             100 (8/8) vs 100 (3/3)                            37.5 (3/8) vs 0
                                                                                        EUS‐CAS                                                                                                                                      

  Hamada[@R78] (2014)     Multicentre, Retrospective        20 (7 EUS-BD; 13 ERCP)      EUS-CDS\           SEMS\                ---                                                ---                                               14 (1/7) vs 7.6 (1/13)
                                                                                        EUS-HGS            Plastic                                                                                                                   

  Dhir[@R77]\             Multicentre, Retrospective        208 (104 EUS-BD;104 ERCP)   EUS-CDS\           FCSEMS\              93.3 (97/104) vs 94.2 (98/104)                     89.4 (93/104) vs 91.3 (95/104)                    8.7 (9/104) vs 8.7 (9/104)
  (2015)                                                                                EUS-AG             UCSEMS                                                                                                                    

  Kawakubo[@R80] (2016)   Single Centre, Retrospective      82 (26 EUS-BD; 56 ERCP)     EUS-CDS            PCSEMS                -                                                 96.2 (25/26) vs 98.2 (55/56)                      26.9 (7/26) vs\
                                                                                                                                                                                                                                     35.7 (20/56)

  Bang[@R75]\             Single Centre, Prospective, RCT   67 (33 EUS-BD; 34 ERCP)     EUS-CDS            FCSEMS               90.9 (30/33) vs 94.1 (32/34)                       97 (32/33) vs 91 (31/34)                          21.2 (7/33) vs 14.7 (5/34)
  (2018)                                                                                                                                                                                                                             

  Hamada[@R79] (2018)     Multicentre, Retrospective        110 (20 EUS; 90 ERCP)       EUS-CDS\           FCSEMS\               -                                                  -                                                35% (7/20) vs 8.8% (8/90)
                                                                                        EUS-HGS            PCSEMS\                                                                                                                   
                                                                                                           UCSEMS                                                                                                                    

  Paik[@R73]\             Multicentre, Prospective, RCT     125 (64 EUS-BD; 61 ERCP)    EUS-CDS\           Hybrid PCSEMS        93.8 (60/64) vs 90.2 (55/61)                       90 (54/60) vs 94.5 (52/55)                        10.9 (7/64) vs 39 (24/61)
  (2018)                                                                                EUS-HGS                                                                                                                                      

  Park[@R74]\             Single Centre, Prospective, RCT   28 (14 EUS-BD; 14 ERCP)     EUS-CDS            PCSEMS               92.8 (13/14) vs 100 (14/14)                        92.8 (13/14) vs 100 (14/14)                       0 vs 0
  (2018)                                                                                                                                                                                                                             

  Yamao[@R82]\            Multicentre, Retrospective        39 (14 EUS-BD; 25 ERCP)     EUS-CDS\           FCSEMS\              100 (14/14) vs 56 (14/25)                          92.9 (13/14) vs 52 (13/25)                        57 (8/14) vs 32 (8/25)
  (2018)                                                                                EUS-HGS            PCSEMS\                                                                                                                   
                                                                                                           Plastic                                                                                                                   

  Nakai[@R81] (2019)      Multicentre, Prospective          59 (34 EUS-BD; 25 ERCP)     EUS-CDS            FCSEMS\              97 (33/34)                                         100 (34/34)                                       15 (5/34)
                                                                                                           PCSEMS                                                                                                                    
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ERCP, endoscopic retrograde cholangiopancreatography; EUS-AG, EUS-guided antegrade stenting; EUS-BD, endoscopic ultrasound-guided biliary drainage; EUS-CAS, EUS‐guided choledochoantrostomy; EUS-CDS, EUS-guided choledochoduodenostomy; EUS-HGS, EUS-guided hepaticogastrostomy; FCSEMS, fully covered SEMS; PCSEMS, partially covered SEMS; RCT, randomised controlled trial; SEMS, self-expanding metal stents; UCSEMS, uncovered SEMS.

Benign Biliary Disease {#s4}
======================

As technical expertise and experience with EUS-BD continue to accumulate, many endoscopist are considering this approach as potential alternative to treat BBD in cases of ERCP failure or SAA. While successful stone extraction is achieved in more than 90% of cases with normal anatomy, anatomical changes can make ERCP extraordinarily difficult or impossible.[@R83] Such examples include Roux-en-Y biliary anastomosis or gastric bypass and pancreaticoduodenectomy.[@R84] While ERCP with balloon-assisted enteroscopy has been used to overcome anatomic restrictions, variable success rates have been reported ranging from 67% to 95%.[@R11] Typically, PTBD is the salvage therapy. However, in addition to the high morbidity and reduced quality of life with PTBD, a recent international survey demonstrated that many patients (not surprisingly) would prefer internal BD over an external drain.[@R86] As a result, a growing number of studies have explored EUS-BD role in managing BBD.[@R10]

Two initial small, single-centre studies reported a cumulative technical success rate of 63.6% (range, 60%--67%) with a total of 11 subjects undergoing stone removal in cases of SAA.[@R11] A subsequent multicentre study involving 29 patients described a 72% technical success rate with only five reported AEs that were successfully managed conservatively.[@R21] In that study, technical failure when using EUS antegrade stenting was attributed to failed bile duct puncture (n=6), unsuccessful guide wire manipulation (n=1) and failed stone extraction (n=1).[@R21] Three recent studies demonstrated an improvement in procedural and clinical success ranging from 91.9% to 100%.[@R87] In one of these studies by James *et al*, 20 patients with SAA due to Roux-en-Y gastric bypasses (RYGB) (n=9), Roux-en-Y hepaticojejunostomy (n=6), Billroth II procedures (n=2) and Whipple procedures (n=3) underwent EUS-BD through a transgastric or transjejunal approach.[@R87] In addition to its promising 100% clinical success rate there were only three mild AE reported with no reported deaths during a follow-up.[@R87] Furthermore, the study suggested that a hepaticojejunostomy approach may be preferred when treating patients with a partial gastrectomy or RYGB.[@R87]

Improving technical outcomes in patients with BBD has been aided by the introduction of a two-step EUS-guided drainage approach when stone extraction or biliary stricture access is difficult due to limited biliary ductal dilation or long distances for the guidewire to travel. Using this method, the first step involves stent placement (typically with EUS-HGS), followed by antegrade stone extraction once the fistula matures.[@R93] One of the initial pilot studies using this approach in seven patients with anastomotic strictures reported clinical and technical success rates of 100% and 57%, respectively.[@R91] In terms of AE, three stent migrations and three episodes of bleeding occurred. Another group applied this technique in nine patients with Roux-en-Y anatomy and achieved technical success in all subjects, with only one reported AE of cholangitis following prolonged lithotripsy.[@R92] In the absence of an acute infection or pancreatitis, we recommend that EUS-guided gastrogastrostomy be considered in patients with RYGB anatomy. Initially described in 2014, this novel technique enables an endoscopist to exclude the stomach by creating a fistulous tract via LAMS in order for the duodenoscope to pass through so conventional ERCP can be utilised.[@R94]

At this point in time, there are currently no head to head studies comparing ERCP to EUS-BD in instances of BBD. However, it is generally agreed on that ERCP should remain the first line treatment option. In scenarios of SAA, enteroscopy-assisted ERCP should be strongly considered. Though when such attempts fail, EUS-BD is becoming a reliable option to PTBD. As more studies are conducted, the clinical success and safety profile of the two-step approach will likely catapult EUS-guided intervention as a potential first line tool in cases of SAA. Though standardisation of the procedure with dedicated devices are still needed.[@R97] Additionally, a few contraindications to EUS-BD include severe coagulopathy, inability to visualise the biliary tract, and presence of intervening vessels or large volume ascites.[@R23]

Conclusion {#s5}
==========

EUS-guided BD is becoming an accepted approach for the relief of MBO when ERCP fails in centres with expertise. EUS-BD may eventually become accepted as a primary approach for malignant disease. EUS-BD is increasingly used for benign disease as an alternative to percutaneous approaches in centres with expertise. At the present time, patients with MBO or BBD should be evaluated on a case by case basis. Ultimately, EUS-BD expertise will be disseminated to community centres, though it is expected this will not occur for many years.
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